In this paper, the two way relationship between deep integration and production networks trade is investigated. Deep integration is captured by a set of indices constructed in terms of policy areas covered in preferential trade agreements. An augmented gravity equation is estimated to investigate the impact of deep integration on production networks. The results show that on average, signing deeper agreements increases production networks trade between member countries by almost 35 percentage points. In addition, the impact of deep integration is higher for trade in automobile parts and information and technology products compared with textiles products. To analyse whether higher levels of network trade increase the likelihood of signing deeper agreements the literature on the determinants of preferential trade agreements is followed. The estimation results show that, after taking into account other PTAs determinants, a ten per cent increase in the share of production network trade over total trade increases the depth of an agreement by approximately 6 percentage points. In addition, the probability of signing deeper agreements is higher for country pairs involved in North-South production sharing and for countries belonging to the Asia region.
I. Introduction
During the last 3 decades, there has been an increased role of production networks in the global economy 1 , which are characterized by the unbundling of stages of production across borders.
Production networks have evolved due to technological innovation in communication and transportation that has not only decreased physical distance, but has also facilitated the establishment of services links, necessary for the efficient combination of various fragments of the production processes.
Preferential trade agreements (PTAs) participation has also accelerated over time. The expansion of international production networks is related with the proliferation of deep agreements going beyond traditional market access issues. Lawrence (1996) was the first to highlight the systemic implications of international production networks and deep integration. In order for cross-border production to operate smoothly, certain national policies need to be harmonized to facilitate business activities taking place in several countries. This generates a demand for deep forms of integration. In other words, agreements including disciplines such as infrastructure, institutions, competition policy, the standardization and harmonization of product regulations, amongst others, 1 See papers such as Feenstra and Hanson (1996) , Feenstra (1998) , Campa and Goldberg (1997) , Hummels, Ishii and Yi (2001) , Yeats (2001) , and Borga and Zeile (2004) . 3 would make production sharing activities more secure and less likely to encounter disruptions or restrictions.
More recently, Antras and Staiger (2008) have modelled the interaction between international production networks and deep integration. The authors show that an increase in trade flows involving the exchange of customized inputs, incomplete contracts and costs associated with the search for suitable foreign input suppliers creates new forms of cross-border policy effects compared to a situation where goods are produced in a single location. The changing nature of trade, from trade in final goods to trade in intermediate goods, is therefore directly responsible for the growing demand for deeper agreements that can address these new cross-border effects.
Whilst the determinants and the effects of PTAs have been widely studied, 2 the empirical literature on the relationship between trade and deep integration is very limited. One of the main reasons for this derives from the difficulties that arise when defining and measuring the depth of an agreement. In this paper an attempt will be made to investigate the relationship between deep integration and production networks for a set of 200 countries during the time period from 1980 to 2007. A total 96 preferential trade agreements that were signed during this time interval is considered. They represent almost 90 per cent of world trade. The depth of an agreement will be defined in terms of coverage and will be captured by a set of indices that will be described in detail in section II.
Descriptive evidence suggests that there is a positive relationship between production networks trade and deep integration (see Figure 1 ). However, this relationship can go in both directions. On the one hand, deep PTAs may stimulate the creation of production networks by facilitating trade among potential members of a supply chain. On the other hand, countries already involved in international fragmentation of production are willing to sign deeper preferential trade agreements with their 2 See papers such as Baier and Bergstrand (2004) and (2007); Bergstrand et al. (2010) ; Silva and Tenreyro (2006) ; Soloaga and Winters (2001) ; Ghosh and Yamarik (2004) and Magee (2008). 4 partners in order to secure their trading relationships as providers of intermediate goods and services.
In this paper both directions of causality will be empirically tested.
To investigate the first direction of causality, specifically the impact of deep integration on production networks trade, an augmented gravity equation is estimated. In addition, it is explored whether the impact of deep integration is heterogeneous across different industries. This kind of estimation potentially suffers from endogeneity deriving from omitted variables and simultaneity bias. In order to control for this, the approach by Baier and Bergstrand (2007) is followed and country-time and country-pair fixed effects are included in the regression. In addition, in order to control for selection bias deriving from the presence of zero trade flows, a two-steps Heckman selection model is also estimated.
The estimation results show that the greater the depth of an agreement, the bigger the increase in network trade among member countries. On average, signing deep agreements increases trade in production networks between member countries by almost 35 percentage points. In addition, the impact of deep integration is different across industries. Specifically, signing deeper agreements increases trade in automotive parts and in information and communications technology (ICT) products significantly more than trade in textiles. One interpretation of this result is that the textiles industry might be less influenced by deep integration due to the higher levels of standardization and the lower levels of capital intensity of its production processes. The estimation results also show that the average impact of deeper integration has become more relevant in recent years. This is not surprising given that there has been an increasing occurrence of production networks trade in the automobile and ITC industries over time compared to traditional industries such as textiles (see Figure 2 ).
To analyse whether higher levels of network trade increase the likelihood of signing deeper agreements (second direction of causality), studies such as Baier and Bergstrand (2004) and Baier, 5 Egger and Larch (2010), on the determinants of preferential trade agreements, are followed and an equation in which the dependent variable is represented by the level of depth of an agreement is estimated. The explanatory variable of interest is represented by the share of trade in parts and components over total trade. This variable captures the impact that network trade relative to total trade has on the probability of signing deeper agreements. In the regression a series of control variables capturing other economic factors such as the distance between countries, their remoteness with respect to the rest of the world, their similarity in economic size and their differences in relative factor endowments, is also included.
In this second part of the paper it is also investigated whether countries involved in North-South production networks are more likely to sign deeper agreements. Countries engaging in production sharing were initially mainly rich countries. 3 From the mid1980s, however, production networks between developed and developing countries started to increase. As Baldwin (2011) points out, in this scenario, some of the costs related with international fragmentation of production such as managerial and logistic costs of monitoring and coordinating international production and learning about the laws and regulations to do business in another country might be particularly high for developing nations who mostly lack the sophisticated business law and the product and labour regulations which are essential for rich countries to consolidate their trade in intermediates.
Finally, it is examined whether the impact of production networks trade on the likelihood of signing deeper agreements is more pronounced for countries belonging to the Asia region. Papers such as Athukorala and Menon (2010) , Ando and Kimura (2005) and Kimura et al. (2007) show that production networks are an extremely important phenomenon for this region. In addition, one feature that makes Asian production networks distinctive is that they take place between countries of different income levels. In the region, the growth of production sharing first took place through de facto economic integration. However, deep integration is necessary for production networks to continue to 6 prosper. More recent agreements, such as Japan's economic partnerships with Malaysia, Indonesia, Thailand and Viet Nam, or ASEAN's push for deeper disciplines and clearly show that this region is moving towards deeper integration.
Results show that higher levels of trade in production networks increase the likelihood of signing deeper agreements containing provisions of regulatory nature such as TRIPS, intellectual property rights, movement of capital. This effect is still significant after taking account of other PTA determinants, such as the economic similarity between countries and their differences in relative factor endowments. As expected, the results also confirm that the probability of signing deeper agreements is higher for country pairs involved in North-South production networks or belonging to the Asia region.
The paper is organized as follows. Section II discusses the definition and measurement of deep integration and presents the data sources. Section III investigates the impact of production networks on the likelihood of signing deeper agreements. Section IV analyses the effect of deep integration on networks trade. Section V concludes. The methodology of Horn et al. (2010) is followed in order to define the content and the legal enforceability of PTAs. As a first step, a set of policy areas covered in PTAs is identified. These areas can be classified into two different groups. The first group is represented by WTO+ provisions which fall under the current mandate of the WTO and are already subject to some form of commitment in WTO agreements. The second group of policy areas, which is denoted as WTO-X provisions, includes those obligations that are outside the current mandate of the WTO. Table 1 lists the 52 policy areas that are identified.
II. Data sources and variable definitions
The legal enforceability of the PTA obligations is established according to the language used in the text of the agreements. In other words, it is assumed that commitments expressed with a clear, specific and imperative legal language, can more successfully be invoked by a complainant in a dispute settlement proceeding, and therefore are more likely to be legally enforceable. In contrast, unclearly formulated legal language might be related with policy areas that are covered but that might not be legally enforceable. an agreement, the deeper the agreement. A limitation of these indices is that they give the same weight to each of the areas covered in a PTA, thereby assuming that the potential impact of each provision on production networks is of the same magnitude.
To deal with this problem, an alternative methodology that takes into account the frequency with which a particular provision appears among the agreements is implemented. Specifically, principal component analysis (PCA) is used in order to generate a comprehensive measure of the depth of an agreement. 8 This index (PCA aggregate), being aggregate by nature, might include provisions such as social matters, cultural co-operation, health, information society, amongst others, that might not have any specific or direct relation with production networks. As a result, performing an analysis on the causes and effects of deep integration on production networks using this measure might bias the results downwards.
As an alternative, principal component analysis is also used to generate an index (PCA top 5)
containing only those provisions with the highest degree of commonality across the agreements. 9 In this case, deep integration will be captured by five areas only, two WTO+ areas, namely state trading enterprises and TRIPS and three WTO-X areas, namely competition policy, intellectual property rights and movement of capital. The assumption behind this approach is that if one of the main causes 8 Principal Component Analysis is a procedure that orthogonally transforms a number of possibly correlated variables into a number of uncorrelated variables called principal components. This transformation is defined in a way such that the first principal component accounts for the highest level of variability in the data.
Each succeeding component has the highest variance possible under the constraint of being orthogonal to the preceding components. The index used for this investigation derives from the first principal component and explains 10% of the overall variability in the matrix of the 52 PTAs areas. 9 The top five areas presenting the highest coefficients are chosen from weights associated to the first component of the principal component analysis (PCA). These coefficients are then used as weights to generate the index.
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for signing deeper agreements is the promotion of production networks, the set of provisions that most frequently appear in these agreements should be more correlated with production networks trade.
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Adoption of competition policy, for instance, preventing the abuse of market power, will allow multinational firms to take full advantage of differences in costs among countries by fragmenting production. In addition, provisions such as movement of capital, aimed at protecting firms-specific assets such as human capital and intellectual property, will give international firms a competitive advantage and therefore will encourage more production sharing. Finally, provisions on intellectual property rights aimed at the harmonization of standards to a single regulatory regime, including a common set of rules that governments apply to private firms in many nations, will tend to foster competition and trade. The summary statistics of the different indices used to proxy for deep integration are presented in Table 2 .
Following the approach of Yeats (2001) Table 3 presents correlations between the variables used in the analysis.
10 Another way to choose a sub-set of provisions would be according to their correlation with production networks trade. However, given that the main objective of this paper is to analyse the impact of deep integration on production networks trade, using an index generated in such a way would overestimate the results.

III. The effects of deep integration on production network trade
In order to investigate the impact of deep integration on production networks trade an augmented gravity equation is estimated:
where the subscripts i , j and t correspond to the importer , the exporter and the year respectively. The dependent variable is the log bilateral imports in parts and components from country i to country j at , an endogeneity problem deriving from omitted variables bias and to a lesser extent to simultaneity bias, arises when estimating the effect of trade policies such as preferential trade agreements on trade volumes. Omitted variables bias arises since the error term may be correlated with some unobservable country-specific policy variables (e.g. trade-restrictive domestic policy regulation), which at the same time affect both trade and the probability of forming a PTA. Simultaneity bias will occur when, for instance, two countries that trade more than their "natural" level of trade may be induced to form a PTA in order to decrease the probability of trade diversion. The set of fixed effects included in specification (1) deals with both sources of endogeneity. 13 Specifically, country-pair fixed effects account for unobserved country-pair heterogeneity. In addition, country and time fixed effects account for unobserved factors such as multilateral price terms.
14 The results are reported in Table 4 . For the sake of comparison with the existing literature on the impact of preferential trade agreements, columns (1) and (2) show the effect of having a PTA on production networks trade and on trade in final goods 15 respectively. The average impact of preferential trade agreements on production networks trade is 51 per cent (e 0.415 -1 =0.51). The magnitude of the impact on final goods is slightly higher an equal to 54 percentage points (e 0.434 -1 =0.54). These outcomes are in line with Bair and Bergstrand (2007) , who find that a preferential trade agreement increases total trade by 58 percent on average.
In the next columns, the effects of deep integration are represented by the different indices defined in section II. 16 In columns (3) (4) and (5) the impact of deep integration is captured by the total number of provisions, the total number of WTO+ and the total number of WTO-X provisions respectively.
13 See Baier and Bergstrand (2007) 14 As noted in Wooldridge (2001) when the time dimension exceeds two periods, the fixed effects estimator is more efficient tan the first differences estimator under the assumption that the error term is serially uncorrelated. As a robustness check, specification (1) is also estimated using first differences. Results, available under request, are very similar to those obtained with the fixed effects model. 15 Final goods are defined as the difference between total trade in manufacturing and trade in parts and components.
16 Specification (1) has also been regressed using a Propensity Score Matching methodology in order to separate the impact of signing a preferential trade agreement from the impact of the level of depth of such agreement. Results are very similar in magnitude to the ones presented in this table.
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The results show that having an additional provision in an agreement increases production networks trade by 2 per cent on average (see column (3)). In addition, the impact of an increase in the number of WTO+ provisions is slightly higher than the impact of an increase in WTO-X provisions.
Specifically, whilst including an additional WTO-X provision in an agreement increases trade by 3 percentage points, having an additional WTO+ provision increases production network trade by more than 4 percentage points (see columns (4) and (5)).
In column (6) In column (7), an index including only the five most common provisions is considered. 17 Here the impact of deep integration is more than 10 percentage points higher compared to the one of the overall PCA index. One interpretation of this result is that aggregate indices of deep integration might include certain provisions such as social matters, cultural co-operation, health, information society, amongst others, that do not have any relation with production networks and hence their presence would bias the impact of deep integration downwards. In addition, this result confirms the relevance that further liberalization in terms of state trading enterprises and movement of capital or higher levels of 17 Notice that in this index, a value of zero is attributed either to a pair of countries that do not have an agreement or to a pair of countries that have an agreement that does not included any of the top 5 provisions.
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harmonization and better regulation in areas such as competition policy, intellectual property rights, TRIPS have in terms of production networks development.
The impact of deep integration on trade in final goods is also analyzed in the last two columns of Table 4 . 18 The coefficients on the PCA aggregate and the PCA top 5 presented in columns (8) and (9) respectively are very similar in terms of magnitude to the ones in columns (6) and (7), implying that the impact of deep integration on final goods trade and on production networks trade is very similar.
One intuition of these results is that whilst the need for deeper agreements might be more pressing for production networks trade than for final goods trade, the effects of deep integration might de facto be extended to areas of the economy other than production networks. Specifically, the regulatory character of some deep integration provisions will apply not only to trade in intermediates but also to trade in final goods.
Specification (1) Table 4 . In other words, deep integration has a positive and very similar 18 In order to make the regressions comparable a sub-sample of countries that trade in both final goods and parts and components is considered.
19 See Heckman (1979) . 14 impact on both production networks trade and trade in final goods. In addition, results of the first stage regression show that in general signing deeper agreements increases the probability that two countries will start trading or will start making part of a production network (see Appendix table A1) .
Next, the impact of deep integration is analysed for three different sectors separately: textiles, automotive and ICT. Results, reported in Table 5 show that the impact of deep integration in the automotive and the ICT sectors is more than three times bigger than the impact in the textile sector.
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Specifically, whilst a 1 per cent increase in the depth of an agreement increases production networks trade in automotive parts and ICT products by 81 and 56 per cent respectively, the impact on textiles trade is only 20 per cent on average. One interpretation of this last outcome is that the textiles industry might be less influenced by deep integration due to the higher levels of standardization and the lower levels of capital intensity of its production processes, compared with other industries. In other words, whilst regulating areas such as intellectual property rights or capital movement will be fundamental for the development of automotive or ICT production networks, these areas are not that relevant for the promotion of textiles production networks.
Finally the evolution of production networks and deep integration over time is investigated. In order to do this, the effect of deep integration on production networks trade is estimated for three different sub- Table 6 show that the impact of deep integration has increased over time. This increase is more pronounced when the depth of an agreement is proxied with PCA top 5 instead of the PCA aggregate. Considering the former, the impact of deep integration is 10 percentage points higher 20 In the rest of the section deep integration is going to be captured only by the PCA aggregate and the PCA top 5 indices. This given the fact that this proxies are the ones that better capture the impact of deep integration on trade. However, all regressions are also replicated using the simple count indices. Results, available under request, are always in line with the ones using the PCA indices. (see column (6)) compared to the whole sample regression (see column (7)).
The fact that the impact of deep integration on production networks trade has evolved over time is not surprising given that in recent years, industries such as the automotive sector and ICT, which require higher levels of integration by their very nature, have become more important. In the past decade, the growth rate of production networks trade was very high for the automotive industry (93 per cent) compared to the ICT and textiles industries, where production network trade grew only 47 and 36 percentage points respectively.
III. The effect of production networks trade on deep integration
The impact of production networks on PTAs depth will be investigated in this section. In order to do this the following linear regression is estimated:
where the subscripts i and j correspond to the importer and the exporter respectively. The dependent variable represents the depth of a preferential trade agreement between country i and country j . Specifically, this variable will have a positive value capturing the depth of an agreement for a pair of countries ij with a PTA in force in 2007, and zero otherwise. As in the previous section, the depth of an agreement will be captured by the set of proxy variables defined in section II. From specification (2) it is not possible to disentangle the impact that production networks trade has on the probability of signing a preferential trade agreement from its effect on the depth of such agreements. In order to deal with this, we use a Propensity Score Matching (PSM) model. 23 The idea
, where D_region is a dummy variable equal to one if country i and j are in the same region. 17 behind this methodology is to imitate a randomized experiment in which there is a treatment group of country pairs that have signed an agreement and a control group of country pairs that have never signed an agreement and that are very similar, in terms of their probability to sign a PTA, to the treatment group of countries.
The estimation is performed in several stages. First a probit model on the probability of signing a preferential trade agreement is performed. 24 The estimated probability (propensity score) is then used as criteria in order to match 25 country pairs that make part of a PTA with similar country pairs that have never signed an agreement. Finally, to test the impact of production networks trade on the level of depth of preferential trade agreements, equation (2) is regressed for the sub-sample of country pairs that were matched in the previous stage.
Results for both the OLS and the PSM model are presented in Table 7 . In general, production networks trade has a positive and significant impact on the degree of depth on newly signed agreements. Considering the indices computed using principal components analysis it is possible to say that a ten per cent increase in the share of production networks trade over total trade, will increase the depth on an agreement by approximately 6 percentage points (see columns (4) and (5)). With respect to the PSM model, results from the first stage regression are in line with the findings of papers on the determinants of PTAs formation such as Baier and Bergstrand (2004) and Bergstrand et al. (2010) . Specifically, variables such as distance tend to discourage the formation of a PTA. In 24 Specifically, the following regression is estimated:
Here country specific fixed effects are not included given that the probability of having a PTA between two countries (i and j) is country pair specific and depends on whether the PTA increases the utility for both countries' consumers ( see Baier and Bergstrand 2004) . 25 The matching, or selection of these countries has been done using a kernel estimator. A one-to-one estimator has also been performed as a robustness check. Results are available under request.
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contrast, variables such as total economic size and similarity between reporter and partner tend to increase the probability of signing an agreement (see Appendix Table A. 3).
Next it is investigated whether countries involved in North-South production networks are more likely to sign deeper agreements. In order to do this a term capturing the interaction between the share of production networks trade and the fact that that a pair of countries belong to different income levels 26 is introduced in specification (2). Results are presented in Table 8 . Whilst the interaction term using the aggregate PCA index is positive but not significant (see column (1)), it becomes significant when considering the PCA top five index (see column (2)). Specifically, a ten per cent increase in the share of production networks trade increases the depth of an agreement by approximately 30 percentage points if countries belong to different income levels (and only by 6 per cent otherwise). This outcome confirms the fact that one of the reasons why deep agreements are signed is to fill the governance gap between countries. In particular, signing agreements including disciplines such as competition policy, capital movement, TRIPS, intellectual property rights and state trading enterprises, would make production sharing activities between North and South countries more secure and less likely to encounter disruptions or restrictions.
Finally, the effect that the share of production networks trade over total trade has on deep integration is examined for different regions. The results, presented in Table 9 show that whilst the impact of production networks trade on the likelihood of signing deeper agreements is positive and significant for both Asia and East Asia regions (see columns (1) and (2)), this effect is not significant for the rest of the regions. This outcome is in line with studies such as Pomfret and Sourdin (2009) and , which showed that one of the driving forces behind recent agreements signed among South Asian countries, is in part a response to the need to facilitate trade in order to make regional value chains more profitable.
The results also confirm the fact that in regions such as Asia, where production sharing is a very important phenomenon, integration going beyond tariff liberalization and aiming at higher levels of predictability in economic policy is a prerequisite for production networks to prosper. High trade costs could still be an obstacle for the development of production networks because of inadequate infrastructural services. In addition, differences in legal systems and economic institutions among countries in areas such as intellectual property rights protection or investment protection are a potential obstacle for production networks to develop.
V. Conclusions
This paper provides new evidence on the two-way link between deep integration and production networks trade. The findings suggest that signing deeper agreements increases trade in production networks between member countries by almost 35 percentage points on average. In addition, the impact of deep integration is more significant for industries that by their very nature require higher levels of regulation. In fact, whilst signing deeper agreements increases production networks trade in automotive parts and ITC products by 81 and 56 per cent respectively, the impact on textiles trade is only 20 per cent on average.
With respect to the impact of production networks trade on deep integration, the results show that higher levels of trade in production networks raise the likelihood of signing deeper agreements by approximately 6 percentage points. Furthermore, the effect of an increase in production networks trade on the likelihood of signing deeper agreements is 5 times higher for agreements between NorthSouth countries compared to agreements between countries with similar income levels. Finally the positive effect of production networks trade on deep integration is mainly driven by the Asian region, where production sharing is an extremely important phenomenon. 20 production networks and deep integration. For instance, more theoretically founded methodologies should be developed in order to quantify the level of depth of preferential trade agreements. In addition, new techniques should be considered in order to better characterize the global pattern of production networks and therefore to assess the complexity of an economy and its relationship with deep integration. Finally, this paper opens more general questions that deserve further investigation such as the complementarity between trade liberalization and deep integration in a world where supply chains are becoming more relevant. 1980 -2007 1990 -2007 2000 -2007 1980 -2007 1990 -2007 2000 -2007 (1) Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Other controls include: log distance, GDPSUM, GDPSIM, GDPDIF, SQGDPDIF, REMOTE. 
